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PREFACE.
In Bulletin 161 of this station we presented a

summary

of

work done by previous investigators on the preparation, properties, and use in the cane sugar industry of vegetable decolorizing carbons, and reported the results of laboratory and small
•scale sugar house tests, undertaken during the grinding season
of 1917-18. The object of those experiments was to secure general information on the merits or demerits of decolorizing carbons, principally from an analytical point of view, and to decide
whether these carbons remove only coloring matter, as claimed
by some investigators, or whether they have a more pronounced
purifying effect, as asserted by others. It was found that the
latter

view

is

correct,

and that these carbons do take out a certain

proportion of gums, ash, and nitrogenous constituents, and that
they bring about a measurable increase in the purity of the
products. Furthermore, the coloring matter is actually removed,
and. not simply bleached, as

is

the case

when

sulfurous acid,

hydrosulfites, or similar materials are used.

Our researches on vegetable

decolorizing carbons have been

continued during the past year, mainly along two different lines.
A number of methods for the preparation of such carbons have

been studied in detail, and the results of this work will shortly
be ready for publication. During the grinding season of 19181919 some further tests on the use of these carbons in the sugar
house were undertaken, on a larger scale than the year before,

and these experiments form the subject of the present article.
The authors gratefully acknowledge the active cooperation
and helpful advice received from Mr. W. G. Taggart, Assistant
Director, and extend their thanks to all the members of the staff,
and to Mr. W. L. Owen, of Penick & Ford Co., for giving us the
benefit of their experience.

REVIEW OF LITERATURE ON DECOLORIZING
CARBONS FOR 1918.
Since the publication of our last bulletin on the subject of
vegetable decolorizing carbons a number of patents for the manufacture of such carbons have appeared. Some of the older

and^new ones have been worked
that have
out, but no new principle is involved in any of those
come to our notice. Since all these patents deal more particu-

processes have been modified,

has been
larly with the preparation of carbons, their discussion
subject.
the
of
phase
this
on
publication
our
for
reserved

on the use
noted.
been
sugar industry have

Only three

articles

of vegetable carbons in the

admits that Norit removes,
besides coloring matter, also gums and slime, but maintains that
practice,
this effect is negligible, and may be utilized, in actual
but
higher,
or
purity
99
of
liquors
of
treatment
the
only for
quotes
also
He
juice.
cane
or
washings
sugar
raw
not for that of
"Weinrich 1

,

in reply to Sauer

the opinion of an

2

,

unnamed prominent

technologist to the effect

them to
that the finely divided state of these carbons causes
decidedly
be
these
unless
liquor—
form colloidal solutions in the
ac ic[_. an d thus

may do more harm than

good.

Weinrich and

problem of the
this technologist are also of the opinion that the
Weinrich
revivification of these carbons has not yet been solved.
believes that better results

would be obtained by the use

of a

skeleton of sufficient

vegetable carbon deposited on a mineral
hardness so that it may be handled and revivified like bone black.

3
Prinsen Geerligs reports that the Java factory (Krian),
which had made extensive experiments with Norit, had not
adopted it for their manufacturing process, apparently on ac-

encountered in revivifying the carbon.
He also states that the patentees of Norit had abandoned the
reidea of using Norit on juices, and now advocated its use for

count

fining

of the difficulties

raw sugars.

quoted are rather unfavorable to the
4
use of vegetable decolorizing carbons on juices, Peck and Adams
cane
report excellent results from the treatment of clarified

While the two

articles

juice with a carbon

made by

digesting final molasses, preferably

4

mixed with Kieselguhr, with concentrated sulfuric acid, and
removing the excess of acid by washing with water. In laboratory tests increases in purity of 1.5 to 4.4 points were obtained,
and a decolorization of 95% with new carbon, falling gradually
to 70% after repeated use.
Almost as good results were recorded in small scale experiments with the use of a filter press,
and tests on a still larger scale turned out very favorably, in
spite of the poor quality of the juices worked with towards the
end of the grinding season. Peck and Adams first fill the press
with carbon, and then pass the juice through it, and get better
results from this procedure than were obtained by the older
method of mixing the carbon with the juice, and then pumping
"When the flow of juice becomes
the mixture through the press.
considerably retarded, the sucrose remaining in the carbon is
washed out, and then the carbon is revivified by passing hot
water through it and finally steaming it. When this method
becomes ineffective, on account of the accumulation of impurities,
the carbon is revivified in the same way in which it is made, by
treatment with concentrated sulfuric acid. The authors state
that the carbon almost completely removes the flavors peculiar to
the raw juice, that the treated juice boils very freely to syrup
and to grain, and that practically no scale is formed.
In the writers opinion, based on the results obtained at this
station, vegetable decolorizing carbons can be used successfully
on cane juices, and this is corroborated by the work of Peck and
Adams. We have had no opportunity to study on a large scale
the efficiency of the various methods of revivification, with the
use of alkalies or reburning, but the treatment with sulfuric
acid, as advocated by Peck and Adams, opens a new perspective.
'

It is

not only desirable, but absolutely necessary, that large-scale

experiments be made in a sugar factory, to work out the economical side of the question.

from

tests

made

Any

at the station

figures that

we might

arrive at

sugar house, might lead to entirely

erroneous conclusions, because they would not be directly appliIt would seem very strange that
have so far been made in Louisiana, in spite

cable to large-scale operations.

no such factory

tests

of the great interest displayed

by several

planters, were

it

not

for the fact that during the past two years no single decolorizing

carbon for sugar products has been obtainable in the United

5

It is

States in sufficient quantities.

now

war

the

at last get the attention

it

much to be hoped that,
new promising field will

very

being practically over, this
deserves.

PURPOSE OF THE SUGAR HOUSE TESTS MADE AT THE
STATION DURING THE GRINDING SEASON
OF 1918-1919.
recent sugar house tests were undertaken with the object
of clearing up some questions which had been left partly or
wholly unanswered in the previous experiments. During the

Our

campaign of 1917-1918 we were unable

to carry out quantitative

color determinations in the various products, for lack of proper
laboratory equipment. For the same reason we were unable to

seek an answer to the question, opened up by Schneller's inves5
tigations as to how the iron and the polyphenols found in our
,

cane products affect the color of the same. The solution of this
problem was practically reached during the summer, and the
grinding season saw us prepared for the work contemplated.

We

also

wished

to gain

some further information on the

effect

of decolorizing carbons on the quality of the various products
and the yield of first sugar. The work of 1917 had been done

on a very small

scale,

one

clarifier

(3,000 lbs.)

each of juice

with and without carbon, respectively.

being used for the tests
This had a great advantage from the analytical standpoint, because the two juices which were to be compared, were first thor-

oughly mixed, before treating one of them with carbon, and we
thus had an absolute basis for comparing their composition by
But. on the other hand, the amount of juice used in
analysis.
each case was too small to give us any satisfactory data on comparative sugar yields obtained, since the boiling to grain had to
be done in a very small pan, which did not enable us to make the
For these reasons
different sugars under comparable conditions.

we decided
scale,

to

make further

which means the use of

tests

on our regular sugar house

at least five clarifiers full of juice

This furnished us a better basis for determining
the relative quantity and quality that may be expected in actual
factory operations on the large scale, but had the drawback

to each strike.

that the juice used in one
as that

run did not have the same composition

used in the others.

It will therefore

be necessary, in

6

interpreting the actual results obtained, to

make allowance

for

differences in the quality of the juices used in each run.

STUDIES ON THE COLORING MATTER IN CANE PRODUCTS AS AFFECTED BY DIFFERENT METHODS
OF CLARIFICATION AND BY CARBONS.
Prinsen Geerligs 6 points out that in the manufacture of plantation white sugar too

much

attention should not be paid to the

a certain method of clarification,
more important to improve physical properties by
the removal of color and of colloidal impurities, the quantity
of which is not sufficient to affect the purity to any great extent.
If this is so
and there seems to be no reason to doubt it—then
any process which promises to fulfill these two conditions deThis was our
serves the attention of the sugar manufacturer.

increase in purity effected

and that

by

it is

—

reason for investigating the color of

all

the different products

obtained in the sugar house by the sulfitation white sugar process,
including a modification of

and

it,

agents.

At

the same time

of those

made by using

vege-

addition to the usual clarifying

table decolorizing carbon in

we

also carried out a

study of the

nature and relative quantity of what appeared to us a,^ery important

constituent

of

the

coloring

matter

existing

in

the

products.

The nature and

relative

importance of the well known color-

ing matters occurring in the cane and formed during the manu-

facturing process are discussed in detail in the standard hand-

books on white sugar manufacture from cane, by Prinsen Geerligs

6

and by Harloff and Schmidt 7 and a short summary
,

they have to say on
first

the subject will suffice here.

of

what

Considering

the coloring matters of the cane itself, the

Chlorophyll

is

not of

much

practical importance, because

does not dissolve in the cane juice, but occurs in

mechanical impurity which

is

it

it

only as a

readily removed with the scums.

be considered more seriously.

Anthocyanin
compounds which impart varying
shades of red, purple, or brown to the rind of certain cane varieThey are soluble in cane juice, are precipitated by large
ties.
amounts of lime, but only incompletely by small quantities. It
appears that the elimination by lime is not due to a chemical
Anthocyanin

is

a collective

is to

name

for the

process, but

is

Sulfurous acid

a ease of physical adsorption.

temporarily.
decolorizes anthoeyanin to some extent, but only
removed,
completely
In the carbonation process anthoeyanin is
will
eliminated
while in the sulfitation process the proportion

depend on the quantity of the precipitate formed in the

clarifi-

cation.

is

cane,
Saccharetin, the "incrustating" coloring matter of the
enters
chlorophyll,
insoluble in cane juice, but, very much like

raw juice mechanically along with

the

fine particles of fiber.

long as the reaction of the juice remains acid,

it

As

does not dissolve,

with lime or
but whenever the fiber particles come in contact
yellow color.
with
a
dissolved
is
saccharetin
the
another alkali,
as such is
saccharetin
the
and
dark,
very
even this is not

But

especially in
therefore not considered of very great importance,
shall see,
Louisiana.
in
acid processes, as are generally used
conmay
saccharetin
that under certain conditions the

We

however,

tribute materially to the coloring matter of the products.

f

The three coloring matters mentioned are the only ones presconsidered of any
ent in the cane itself that were, some years ago,
importance.

Turning now
process of

to

the

coloring matters

manufacture, we

formed during the
produced

shall first consider those

by the
Effect of high temperatures.

Solutions of

all

the three sugars,

to high
existing in cane juice darken perceptibly when heated
most
this
does
Levulose
time.
of
length
temperatures for any

and sucrose least. In the presence of
salts
other impurities always found in cane products, like neutral
The
pronounced.
more
and nitrogenous bodies, the darkening is
but
known,
not
exact nature of the decomposition products is

readily, dextrose less so,

they usually do not contain true caramel, this latter substance
being only rarely formed in factories with modern equipment,
and then only under abnormal conditions. They can be reduced

by proper syrup treatment, but any formed in the
pan cannot be eliminated as such by any method now known.
In slightly acid solutions they do not form as readily as in

in quantity

neutral solutions.

8

When the reaction of the products becomes alkaline, however,
then we encounter one of the worst enemies of white sugar manufacture, the

Glucosates of alkalies and alkaline earths.

containing reducing sugars
line substance,

it

is

When

a solution

heated with lime or a similar alka-

soon begins to darken and finally becomes dark

The reducing sugars are decomas glucinic and saccharinic
acids, which combine with the lime present, and reduce the alkaSalts of strong bases with weak acids,
linity of the solution.
like organic lime salts, have the same effect as the bases themThe formation of these
selves, even though to a smaller extent.
dark colored products can be entirely avoided by keeping the

brown, and

even, almost black.

posed and converted into acids,

known

reaction of the material constantly on the acid side.

The authors already quoted also mention an outside source
which may give rise to a dark color in the products, namely,
Iron salts, taken up by the products from the machinery
through which they have to pass. Iron has long been known as
the source of the dark color of certain beet sugars.

Prinsen

Geerligs 8 showed that the greyish tint of some cane sugars
likewise caused

by

iron,

and what

is

is

more important, that the iron

compound was present not only

in the molasses adhering to the

sugar, but in the crystal

He

itself.

suggested that the iron was

In Louisiana, Shilstone 9 and also

form of a saccharate.
Morse 9 called attention to the fact that iron was responsible for
The former expressed the
the dark color in certain sugars.
opinion that, on account of the very small quantities of iron
present, the iron compounds themselves must be of an extremely
dark color, and suggested iron salts of "organic acids." From
further investigations in Java the conclusion was drawn that,
as only ferric salts give any trouble, and furthermore, iron does
not crystallize with sucrose in an acid medium, any deleterious
effect of iron could be entirely prevented by the use of acids,
especially such as sulfurous acid, which latter would not only

in the

reduce the iron to the ferrous

state,

but also provide the neces-

sary acidity to keep "the iron from entering the sugar crystals.
10

in his researches on sacchacompound, as prepared by him, gave a dark
coloration with ferric salts, and upon dry distillation yielded

Later, Langguth-Steuerwald

retin,

found that

this

,

9

pyrogallol.

He

concluded that saccharetin and

its

decomposi-

tion products were, in conjunction with iron, responsible for the

dark color of sugar products.
Taking up this subject in Louisiana, Schneller 5 called attention to the fact that, while saccharetin or products derived

from

could in combination with iron cause a dark color, there exists
in cane a constituent which affords a much simpler explanation,

it,

and in cane juice. Furthermore,
must have formed part of the saccharetin of
Langguth-Steuerwald, owing to the method of preparation employed by him, and must therefore be at least partly responsible
because

it is

soluble in water

this substance

for the iron reaction of this substance.
first

discovered in cane by Szymanski 11

We
,

refer to "tannin",

precisely through its

reaction with iron salts, giving rise to a dark green color or precipitate.

These

Schneller was the

results
first to

were

confirmed

by

Browne 12

,

and

point out that the presence of tannin

or similar water soluble polyphenols could easily explain the

dark color of cane products.

Schneller also called attention to

the fact that the presence of aromatic

was not confined

to the sugar cane,

compounds

like saccharetin

but that they are found in

plant tissues. This subject requires further study,
but the fact remains that for the present the tannin of the cane
all lignified

must be considered the most important constituent of cane giving
the iron reaction.

Schneller suggested that the polyphenol of

may be of
simpler constitution, as for instance represented by pyro-

the cane need not necessarily be a true tannin, but

much

catechin, which also gives the green iron action.
Investigations
on the nature of the cane tannin are now in progress.
The polyphenols of the cane assume even greater significance,
from the standpoint of the color of raw juices, as has already
been pointed out by one of the authors of this article 13
The
.

muddy

green color of these juices has usually been ascribed to
the presence of finely divided particles carrying chlorophyll.

But the color of the mill juice itself, after the removal of suspended matter, is usually green, and this is simply due to the
compounds formed from the polyphenols and the iron dissolved
from the mill by the cane juice. This iron is at the beginning
in the ferrous state, but a rapid change takes place, owing to the
simultaneous presence in the juice of oxidizing enzymes.

These

10

were

14
whose results were
discovered in cane by Raciborski

first

,

confirmed by Browne 15
this station has

The renewed study

.

of this subject at

brought out the fact that cane juice contains an

oxidase (a laccase), peroxidase, and tyrosinase.
nection with the polyphenols and iron, explain

These, in conall

the different

raw cane juice may assume. It was found experimentally that raw juice which in the sound cane itself is devoid
colors that a

extracted in the absence of iron, does not turn green,
exposure to air, but dark brown. This color is due to the

of color

upon

—

—

if

oxidation taking place under the influence of the enzymes

named

on the polyphenols of the cane. The tyrosinase does not act on
the polyphenols proper, but on the tyrosin which was found by
Zerban 16 to be present in cane juice in very small quantities.
This latter reaction plays a very small part, however, in comparison with the effect of the oxidase on the polyphenols. The exact
color of a raw juice will depend on the relative quantities of

polyphenols and iron.

If no iron

is

present, the color will be

brown, but will be more and more greenish with increasing quantities

of iron extracted

from the

mill.

should be mentioned here that the anthocyanin, mentioned
above, also belongs to the polyphenols, and that the color of its
It

solution

is

darkened by iron

salts.

It has further been found that pyrocatechin
b>y the overheating of sucrose solutions

of dextrose solutions

With

(Munk

may

be formed

(Lippmann 17 ) and

also

18

).

the knowledge which has been gained of the role played

by both polyphenols and iron in the color of sugar cane products,
we can now summarize what importance may be attached to the
different coloring matters, based on their effect upon the color of
the various products

made

in the processes generally used in

white sugar manufacture in Louisiana.
The chlorophyll is of no practical importance, as has already
been pointed out. Since liquors are always kept acid, and can
become alkaline only locally, owing to the action of lime par-

ticles—and even

this only

temporarily

can also be largely discounted.
charetin itself cannot be of
so

by giving

rise to

This leaves then

—the

effect of glucosates

For the same reason the

much

sac-

importance, but can become

compounds which give the iron

reaction.

11

(1)

The

effect of that

part of the anthocyanin from dark

colored canes, which has not been precipitated. This
of some importance

with iron
(2)

by

itself

and more

so

is

owing to

evidently
reaction

its

salts.

The

effect of the

products formed by the action of high

temperatures on the sugars in the presence of other impurities.

But

this effect is

much

than in

less in slightly acid solutions

neutral or slightly alkaline media.
(3)

The

with iron.

effect of the polyphenols, principally in

It is

maintained in Java that iron

connection

salts are of

no

great consequence because they can be rendered innocuous by

But this is only
we have found that our products,

the use of sulfurous and even any other acid.
conditionally correct, because

in spite of being heavily sulfured, do contain a large part of the

iron in the ferric form, and also because, if there

is

any trace of

molasses film left on the sugar crystals, the ferrous iron present
will be gradually oxidized to the ferric form,

a subsequent darkening of the sugar.
is also

and may thus cause
effect of other acids

problematical, because according to Schneller's results the

light color

due

The

produced in sugar products by adding

to a dissociation of the iron-poly phenol

as the acidity is lowered, or even the

acid, is largely

compounds

;

as soon

temperature lowered,

re-

combination immediately takes place.
Since the question of the effect of polyphenols and iron on
the color of the products appeared to be of such great importance,

we devoted

the last grinding season principally to a study of the

and of the iron and polyphenol content of our products,
as made by the usual methods of clarification, and by the same
color,

processes with the additional use of a decolorizing carbon.

Plan of the Sugar House Experiments.

The quantity of cane at our disposal permitted us to make
five full runs, and a small sixth run.
The first of these cannot
be compared directly with the others, because the products of the
initial run in any sugar house pick up so much foreign material
from the unused machinery, tanks and pipes as to become entirely abnormal in many respects.
Runs 2 to 5 were used for
experiments with carbon on juice, and run 6 for one on syrup.
The detailed plan was as follows

12

Run
carbon)

(straight sulfitation with high final acidity; without

1
,

consisting of five clarifiers.

The raw

juice

was sulfured

an average acidity of 6.1 cc n/10 per 10 cc of juice, limed
back to an average acidity of 1.6 cc, heated to a break, and then
treated as usual, running the clear juice into settling tanks, and
filtering bottoms and scums through a press.
to

Run

2

(straight sulfitation

carbon) consisting of
,

with high final acidity; with

five clarifiers.

The raw

juice

was sulfured

an average acidity of 5.6 cc, and limed back to one of 1.6 cc.
Then rice hull carbon was added, at the rate of one per cent on
the weight of the juice, and mixed well with the juice, whiclj

to

was then brought

to the boiling point

and

filtered in its entirety

through a press.

Run

3

(straight sulfitation with high final acidity; without

carbon), consisting of five

clarifiers.

Raw

juice

was sulfured

The
to an average acidity of 6.2 cc, and limed back to 1.6 cc.
being
carbon
no
further treatment was the same as in run 1,
t

use^d.

Run

4

(sulfitation-phosphatation

without carbon)

,

with high

consisting of five clarifiers.

Raw

final

acidity:

juice sulfured

and limed to as close to neutrality as possible. Then
the juice was again acidified with phosphoric acid (U. S. P. grade
It was then clarified like in
of 85%), to an acidity of 1.1 cc.
used.
being
carbon
no
runs 1 and 3,
to 5.6 cc,

Run 5 (sulfitation-phosphatation with high final acidity;
with carbon), consisting of five clarifiers. Raw juice sulfured
possible.
to 5.4 cc, and limed back to as close to neutrality as
juice,
the
of
weight
the
on
added,
0.7%
was
Then rice hull carbon
acid
the latter being acidified at the same time with phosphoric
of
all
boil,
and
to
a
brought
The juice was well mixed,
to 1.3 cc.
it

filtered

Run

6

through the press.
(straight sulfitation, with low final acidity; carbon

used on syrup), consisting of three and a half clarifiers. Raw
Heated to break,
juice sulfured to 5.0 cc, and limed to 0.2 cc.

and then treated in usual manner. The clarified juice was boiled
Part of this syrup was treated with 5%% of its
to syrup.
weight of rice hull carbon, then the acidity raised 1 cc by addition of phosphoric acid, the mixture boiled and passed through

13

the press.

This experiment was not carried further than the

strike.*

quantity was insufficient for making a full
The treated syrup was again mixed with the untreated,

all of it

boiled to grain,

syrup, because

its

and the

strike

was finished by drawing
The sugar and molasses

from the other runs.
run are therefore not included in the experiments.
accepted
It will be noted that in runs 1, 2. and 3 the generally
was
sulfitation process for making white sugar in Louisiana
3.
and
runs
in
out
1
left
and
run
2,
in
used
being
carbon
adopted,

in first molasses

from

this

.

In runs I and

5 the .juice, after

being sulfured and limed back to

accordneutrality, was acidified to decided litmus acidity which,
10
and
inversion,
cause
not
does
station
this
ing to Cross's work at
,

20
materially assists the
according to the inventors of Norit

effect

,

Carbon was left out in run

of the carbon.

4.

and added in run

5.

We had originally planned to use the carbon on the clarified
especially
juice, which in our opinion is the proper procedure,
station
the
when the carbon has to be revivified. For this reason
had purchased an additional

filter

press large enough to hold the

quantity of carbon used with one clarifier full of juice.

was found impossible

to

work

But

it

in this way, because the acute lack

necessary for us to complete the grinding season
operations as
in the shortest possible time, and to simplify the
contemplated,
much as possible. With the procedure originally
of help

it

made

it

would have been necessary

to wait for the clarified juice

from

while in the
each clarifier to be treated with carbon and refiltered,
Besyrup.
to
once
at
boiled
be
could
method adopted the juice
necessary,
been
have
also
would
more time, more operators
sides

and not having these we had

to resort to the final

plan adopted.

slowly, on
Moreover, the mew filter press was found to act very
reason for
account of its small size, and this was an additional
this procedure
not using it. We would, however, not recommend
processes
carbon
such
with
connection
in
except
in regular work,

Sandmann's 21
The general analysis
shown in Table I on page
as

.

of the various products of each
14.

run

is

14

Table

I.

GENERAL. ANALYSIS OF PRODUCTS.
Sugars

Ratio

PRODUCTS
Solids
Sucrose

Total

Purity

Glue.

Red.

Run

1.

15.9

12.0

1.41

15.7

11.9

1.40

61.6

48.8

84.7

52.4

98.22

94.45

1.33

14.8

10.4

14.3

10.2

Syrup

60.4

45.9

First Molasses.

89.7

48.6

7.27
21.9

TTirst Rnern.r.

97.92

90.74

2.78

Clarified

Juice.

Molasses

First
Thirst

fiiifffl.r

Raw

Juice ....

Run
Clarified

Clarified

Juice.

Run
Juice.

First Molasses.

RUN
Clarified

First Molasses.

15.5

71.3'

15.4

76.0

15.8

54.2

45.0

73.9

11.5

16.5

12.2

1.40

12.0

1.38

60.1

5.97

85.0

47.5
49.2

98.19

93.72

19.1

'

74.1

11.5

78.3

12.6

57.8

38.7

8.1

2.46

14.6

11.4

0.92

78.1

14.5

11.5

79.3

8.3

57.9

47.4

0.95
4.12

81.9

8.7

84.0

54.8

65.2

23.2

98.09

Q O by
CO
yd.

14.5

11.2

0.90

77.2

8.0

14.3

11.3

0.93

79.0

8.2

47.8

39.1

81.9

8.0

86.2

56.1

3.15
11.7

65.0

20.8

98.87

95.10

1.53

11.3

1.16

76.9

10.3

1.11
4.49

77.9

9.8

44.6

11.3
34.2

76.7

13.1

*

*

12.7
1

Q9

6.

Syrup, with carbon

Sample

70.3

1.57

16.2

14.7
14.5

*

1.61

5.

Juice.

Run

31.0

4.

Juice

Clarified

61.9

6.15
16.3

3.

First Molasses.

Raw

11.8
11.8
12.6

2.

Juice.

Run

75.5
75.8
79.2

*

lost.

Quantitative. Determination of Coloring Matters.

The quantitative determination of the total color, polyphenols,
and iron would have been a very difficult task without a special
instrument which permitted us to do this work rapidly and with
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The whole question resolves itself into colorisince the quantities of polyphenols and
measurements,
metric
they cannot be determined by ordinary
that
small
iron are so
had to be determined in both the feriron
methods. Moreover,
this reason the most sensitive colorifor
rous and ferric state, and

fair accuracy.

metric method for determining iron, that of Eastick, Ogilvie and
Lindfield 22 by means of the sulfide, could not be employed. It
was therefore necessary to determine the ferrous iron with ferri-

ments after addition of ferric iron, could not be used either for
The method procyanide, and the ferric iron with ferrocyanide.
posed by Schneller for the polyphenols, colorimetric measureour purposes, because in some of our products there was already
more iron present than could combine with the polyphenols.
23
For this reason we resorted to the delicate reaction of Allen
,

involving the use of
It

ferricyanide and ammonia.

soon became apparent that ordinary colorimetric measure-

ments would be of very

little

use,

owing

to the differences in

themselves, but
tint, not only in the total color of the products
the addition of
also in the color of the solutions obtained after
The spectrophotometer could, of course,
the various reagents.
have been used for this work, but the complexity of the operainvolved excluded it for determinations of this kind with
tions

products which are not stable and whose color readily changes
when they are kept for any length of time. The Lovibond tintometer was also not applicable to this work, but satisfactory re-

were obtained by the use of the Hess-Ives tint-photometer.
This instrument has been described in detail in various
which
journal articles, but a brief outline of the principles upon
sults

The white, filtered light
blocks of perfectly
of an artificial daylight lamp is thrown on two
of a.
white magnesia. These blocks reflect the light by means

it

works

may

not be out of place here.

of
mirror through two corresponding slits of equal width, one
which is entirely open while the other can gradually be closed.
The more this slit is closed, the less light will pass through the
and the varying width can be read on a scale divided

opening,

into 100 equal parts.

Thus the degree

of ''darkness" or

its.

by
counterpart "luminosity" of a substance may be determined
conof
slit
the
to
corresponding
placing it on the magnesia block
other slit in
stant width, and then adjusting the width of the

1(3

such a way that through the eye-piece of the instrument both
halves of the field appear exactly alike, very much as is done in
the well-known "half-shadow" polariscope.
A special device is
used to spread the light evenly over each half of the

field.

The

scale reading gives the degree of darkness or luminosity of the

sample under consideration. By the procedure just described
the relative darkness of such substances can be determined which
exhibit no specific color, but which merely reflect white light of
varying intensity,
gray.

as,

for instance, the shades generally

If the instrument could do

no more than

ness would indeed be very limited.

device added to

it

converts

it

into one

termed

this, its useful-

However, a very simple
which allows us to read

not only the depth, but also the quality of the color of any material.

This

is

done by viewing the

plates showing the three

primary

field

colors,

through three glass

one red, one green and

The field is in each case adjusted as before to the same
depth of color in both halves, and the degree of darkness read on
one blue.

Thus we obtain the concentration of color for the
complementary to those of the three glasses, namely,
By adding the three figures thus obgreen, red and yellow.
tained in each reading, we arrive at the total concentration of the
the scale.

three shades

coloring matter, expressed in scale degrees of the instrument.

The readings are very

easily

and quickly made, and an entire

determination requires only about a couple of minutes.

been mentioned above, certain solid substances
etc.,

may

As has

like paper, cloth,

be placed directly on the respective magnesia blocks,

while powders, grained materials,

fats, etc., are best

placed in a

tray of the same shape and height as the magnesia block and are

put in

its place.

be used by which

For reading
it is

must
from the mag-

liquids a special attachment

possible to have the light

nesia block pass through a column of liquid, while the possibility
of

any other

light going

through

it

is

avoided.

It

stands to

reason that in comparative work the height of the column of

must always be the same.
were first led to an investigation of the merits of the
tint-photometer by the great difficulties which we experienced in
determining the decolorizing power on sugar products of the

liquid

We

number of vegetable carbons prepared in this laboratory.
Here we found, as we did later with the different products of

large

IT
the sugar factory, that the solutions decolorized with various

carbons differed not only in depth of color, but also in
tint-photometer helped to overcome this difficulty, and

hoped that further researches may make
methods which we have used so far.

it

The

tint.
it is

to be

possible to refine the

Since the readings obtained in degrees of the instrument bear

no direct relation
first

to the

concentration of coloring matter,

it

was

necessary to standardize the instrument for the purpose of

To this end we
prepared an aqueous solution containing 30 grams per liter of a
dark final molasses, and made up a series of lower concentrations
containing respectively 0.3 grams per liter, or 1 per cent of the
original 0.6 grams, or 2 per cent and so forth for each percentage up to 20, then at intervals of 2 per cent each up to 30
per cent, and from then on at intervals of 5 per cent each up

translating the readings into concentrations,

:

to 100,

;

which

latter is the concentration of the original solution.

Thus we knew that
exactly one-half as

the sample diluted to 50 per cent contained

much

actual coloring matter as the original,

the 20 per cent solution only one-fifth, and so forth.

Each of
and the
we could

these diluted solutions was then read in the tintometer

readings recorded. Having obtained these figures,
now, by comparing them with those obtained for the solutions
decolorized with carbons, tell exactly what percentage of color

each carbon removed from the solution, and further than that,
could

tell

this

percentage for each of the three colors.

Dia-

grams were then drawn in which the readings of the instrument
were plotted vertically, and the percentage concentrations horizontally.

In this

and

three colors,

Unknown

way we

obtained four curves, one each for the

a fourth for the totals.

color concentrations could then be determined

by

reading equal volumes of these solutions in the instrument, and
finding the corresponding concentrations from the diagrams.
is

It

evident that these concentrations are only relative quantities,

because we are unable as yet to determine the absolute percentage of total coloring matter even in our standard.
ever, does not greatly detract

for our purposes.

We

from

howmethod

This,

the usefulness of the

adopted the system of calling the color

concentration of our standard molasses solution 100, and ex-

pressing

all

other concentrations on this basis.
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In determining color in syrups, molasses and sugars, these
products had to be

first

dissolved in water, in order to bring the

concentration to within the limits of the solutions of

known

con-

by dissolving
quantities of syrup and molasses containing 10 and 5 grams
respectively of total solids, and 25 grams of sugar, to 100 cc total
volume. In all cases where decolorizing carbon was not used
in the clarification, it was found necessary to remove finely
suspended matter by heating with a little kieselguhr and filterThis was needed especially in the case of raw juices. It
ing.
must therefore be kept in mind that wherever the color of "raw"
or "mill" juice is spoken of, we mean the liquid obtained after

centration.

Calculations were greatly facilitated

treating with kieselguhr.

very slight decolorizing

This latter substance in
effect

which

is

not

itself

sufficient,

has a

however,

to affect the results.

The determinations of the two forms of iron and of the

way as those of total color,
and in the case of the former two we could get really quantitaSeries of solutions of known concentration of fertive results.
rous ammonium sulfate, and of ferric alum were made up, equal
polyphenols were made in a similar

quantities of dilute hydrochloric acid and' of solutions of potas-

sium ferricyanide and potassium ferrocyanide respectively were
added, and the solutions read in the tint-photometer. Diagrams
were then drawn as before, and the unknown concentration of
the constituents in our sugar products found by comparison
with the readings obtained. In the polyphenol series the determmination can of necessity be only approximate. It was found,
in the first place, that evidently certain polyphenols were eliminated during the process of manufacture, and others formed.
In the second place, the exact nature of the polyphenols of the
itself is not yet known, so that we had to have recourse to
ordinary gallotannic acid to construct our concentration curves.
The results are still comparative, but may deviate to some extent

cane

from the actual concentrations.

As we had done

before, solutions

of known concentration of tannic acid were mixed with equal
quantities of dilute ammonia and potassium ferricyanide solution, the readings taken, and plotted against the concentrations.

As was

to be expected, the color readings of the

products to

be analyzed did not always agree in each color region with the
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Table

3
° S3
t o

PRODUCTS.

Run
Juice
Clarified Juice.

Run

94

154
677
110

308
1337
204

12

10

22

390

11

.

.

26

20.5

.

.

.

145
457

154
660

52

9

16

20
36.5

2.

Raw

18

Juice
Clarified Juice.

.

.

Syrup
First Molasses.
First Sugar

.

Run

.

.

.

12.5

8

45.5

66.5

54.5

188

314

269

43

50

68

13

11

.

.

Run

94

11
15
79

323

280

272

47

42

40

22.5

.

Syrup

.

.

6

57.5

14
15

.

Syrup
First Molasses
First Sugar

Run

3.5

4

58

49

176

185
24

42

37.5

75

181
900
160

17
26
136.5
552
82

295
170
700
1700
340

8.5

220

12
86.5

30

336
54

7

15

151

13

Juice
Clarified Juice

7.5

Syrup

4.5

28.5

Run

121
583
118

9*0

260
840
160

5.

Raw

.

20.5

4.

Raw

Juice
Clarified Juice.

8

3.

Raw

First Molasses
First Sugar

s

™ o

325
195
830
1865
260

16.5
.

Syrup
First Molasses.
First Sugar

First Molasses
First Sugar

75

1.

Raw

Juice
Clarified Juice

II.

112

.

19

138
14

3

24
86
20

7.5

62

224
34

300
30
70
345
58

6.

Raw

Juice
Clarified Juice
Syrup, no carbon
Syrup, with carbon.
.

.

.

12.5

32

109
37.5

4.5

12.5

9.5

5.5

15

49.5

33.5

29.5

19.5

49

260
170
515
155

known concentration, owing to
But the totals gave a fair measure of the
total depth of color, and besides, the readings taken in the region
The
of medium wave lengths also showed good agreement.

readings obtained with, those of
differences in tint.

figures given in the table above are based

on the total readings.

This table gives the total color, ferrous iron, ferric iron, total
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iron, polyphenols,

and

componnds in all of the
As has been mentioned
are only relative, and are based

ferric-poly phenol

products made in the sugar house
before, the figures for total color

tests.

on the total coloring matter contained in the 3% molasses soluAll other figures are in parts per
tion which is called 100.
compounds being calcuferric-polyphenol
the
for
those
million,
lated from the two constituents.
clarified juices are averages

While the

of all

The

figures for the

raw and

the elarifiers in each run.

figures given in the table permit us to

make some

very interesting observations, a direct comparison of the products
of each run with the corresponding ones of the other runs is not
possible, because, although the juices

were

all

of approximately

the same density, the other products are so only in some cases,
and then wholly by accident. In order to have a more secure

which such a comparison could be made, we have calculated all the figures on the basis of total non-sugars in each
product (total solids less sum of sucrose and reducing sugars).
basis on

The calculations could not be based on the total solids, because
sucrose is removed when the first molasses is obtained. It is true
by
that the total non-sugars also change somewhat in quantity,
temperaclarification, scale formation, decomposition by high
tures, etc.,

and any increase

or decrease in constituents

is

partly

these,
due to a decrease or increase of the non-sugars. But
can
calculations
such
which
on
basis
only
the
afford
nevertheless,

purpose.
be based, and they should be fairly reliable for this
readily
more
much
shown
be
can
Since these important data
^

some
and more convincingly by graphic methods, we have drawn
we
points
the
tables
than
diagrams which will explain better
wish

to

bring out.

In Fig.

I the lines consisting of

long dashes

proportions, it
give the total coloring matter— only in relative
per
must be remembered. All the other constituents are in parts
The lines made of short
million parts of total non-sugars.
lines the total iron, and
solid
the
iron,
ferric
dashes denote the
and short dashes the
long
alternate
the lines consisting of
in each line give
points
turning
the
5
polyphenols. In runs 1 to
four products,
the
in
constituents
the quantities of the various
In
the sixth run
molasses.
clarified juice, syrup and

raw juice,
treated with
we have raw juice, clarified juice, original syrup, not
carbon, and syrup treated with carbon.

Amounts

Of

Various CoNstiTueMTi

21
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Total color.

vary a great

The total color in the six raw juices does not
owing to the fact that in each run mixed

deal,

varieties, of greatly

Mixed

varying

were used.
showed somewhat greater
of the anthocyanin in purple canes, as
color,

juice samples taken daily

The

variations.

effect

influenced by the pressure of the mills,

some

is

strikingly

shown by

which we compared juices from green cane and
purple cane in samples taken from the different sets of rollers
in the mill.
These samples were collected directly from under
the rollers of the first and third sets, and therefore had only
minimum quantities of iron. A sample of mixed juice was also
taken at the point of issue from the mill. There was only a very
tests in

slight difference in the color of the first mill juice

and purple

cane, both

But

shade darker.

showing about 10

from green

units, the latter being a

the third set of rollers, with

its

greater pres-

sure, gave a juice with 27 color units

from purple cane, and of
The mixed juice from purple cane

only 21 from green cane.
showed 18.5 color units, and the green only 13.
The darkest average raw juice was obtained in run 2, for
reasons which will become apparent in our further discussion.
Turning now to the color of the clarified juices, we note the

remarkable fact that in

all

color of the clarified juice
filtered

is

the runs

—mill juice from which

the increase in color

is

made without carbon

darker than that of the
it

was made.

the

—boiled and

In runs 1 and 3
run 4 (phos-

quite considerable, less so in

much more marked

phoric acid used), but

in

run

6,

because

here the sulfured juice was limed almost to neutrality.

This,

according to Schneller, produces a darker juice, because high
acidity, as used in the other runs, decomposes the ferric polyphenol compounds with a corresponding lightening in the color.
In runs 2 and 5, on the other hand, where carbon was used,

the total. color

is

reduced very considerably, and not increased
This in

like in the other runs.

ment

itself constitutes

From

clarified juice to syrup,

and from

the total color increases in all of the runs.

coloring matter

is

total non-sugars.

runs

a strong argu-

in favor of carbon.

1,

3,

and

6

formed, because

The

it

this to first molasses,

This shows that

new

increases faster than the

rate of increase

is

quite considerable in

(straight sulfitation, without carbon), less so
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in run 2 (straight sulfitation, with carbon),
(sulfitation-phosphatation, without carbon),
(sulfitation-phosphatation, with carbon).

still less

and

It

in

least in

run 4
run 5

appears therefore

that from the standpoint of total color not only the use of carbon,

but also that of phosphoric acid is commendable.
The lasting effect of the carbon treatment is shown very strikingly by the location of the curves in the diagram. The minima

and maxima are within narrower limits, and both are located
much lower in those runs where carbon was used than in the
corresponding ones, where

it

was

not.

In run 6 the total color of the carbon treated syrup is found
to be very much lower than that of the untreated, again showing
the favorable effect of the carbon.

Ferric iron is higher in the raw juice of the first two runs
than in the others, evidently because the mill had not been used
for almost a year and rust dissolves more readily in cane juice
than does metallic iron. The high iron content in the second raw
juice is partly due to stoppages on account of breakdowns in the
juice to the clarified juice the ferric iron
increases in all those cases where no carbon was used, and deThis is due to the fact
creases in those where it was employed.
tank the juice takes
juice
clarified
that between the mill and the

mill.

From

up more

the

iron,

raw

from the machinery and the

lime, than

is

removed

by the ordinary process of clarification; but where carbon is
employed, so much iron is actually removed, in spite of all the
juice being passed through the filter press with its large iron
surfaces, that the clarified juice really contains less iron than the
mill juice.

From

the clarified juice to the syrup

and

to the molasses the

iron increases rapidly, for reasons already stated.
rises much more rapidly than the concentration.

In

fact, it

But even

in

the molasses of those runs where carbon was used in clarification,
the iron is still quite a bit lower than in the others.

comparison of the entire ferric iron curve in run 1 with
that of the other runs brings out a very interesting fact. Harloff
and Schmidt 7 state that "at the commencement of the campaign

A

the first sugars will assume a gray or yellow tint which, according
to researches conducted with this object in view, owes its origin

from insufficiently
was formerly supposed,

to suspended impurities in the juice derived

cleaned apparatus or pipes,

and

not, as

24

some insoluble coloring substance or iron.
A comparison of
the ferric iron curve in run 1 with that of the others readily
shows that the conclusion does not hold true in all cases. The

to

'

'

ferric iron in

run

molasses, is about two and a half times
which
is the next highest.
3,
In the treatment of syrup with carbon in run 6, the ferric
iron is also reduced to some extent, just as happens in the juice
as high as that in

1, first

run

treatment, but the decrease

is

not nearly as pronounced as the

reduction in the total color.
Total iron.

This

is

of less importance than the ferric iron

alone, for reasons already explained.

We

might say that the

ferrous iron has to be considered only inasmuch as

measure of the potential quantity of
present after oxidation of

all

ferric iron

gives us a

it

which would* be

the ferrous iron to the ferric form.

In comparing the total iron curves, about the same observations
are made as with the ferric iron curves.
Polyphenols.

The curves obtained for these compounds are

of particular interest.

It is readily seen that the

content

raw

is

highest in the

juice of runs 2

and

5,

polyphenol

that

is

before

any treatment whatever. These are exactly the two runs in
which we ground a large number of small samples of seedling
varieties, many of which were quite poor, and their polyphenol
content was so pronounced that it affected the average. These
findings confirm again the observations of Browne and Schneller,
to the effect that unripe cane is higher in polyphenols

than ripe

cane.

In the process of clarification, the polyphenols are invariably
reduced.

But here again

the use of carbon shows

its

great

effi-

In spite of the fact that the initial polyphenol content in
the raw juices of the carbon runs 2 and 5 happened to be higher
than that in any other run, the polyphenols in the clarified juices
cacy.

of the

same runs 2 and

5 are ever so

much lower than

in the

others.

The changes in polyphenols from the clarified juice to the
syrup are likewise very interesting. It will be noted that in all
cases where no carbon was used there is an increase from clarified
juice to syrup, but a decrease in those runs where carbon was
added to the other clarifying agents. This is probably partly
due to the fact that certain compounds (saceharetin?) which give
rise to

polyphenols upon heating are removed by the carbon,
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which they would otherwise exert is also prewould not explain an actual decrease between
It would seem that some polyphenols
clarified juice and syrup.
heat
and
others are formed.
are decomposed by
A rise or fall
would then occur according to the preponderance of one reaction
over the other. As a rule the formation of new polyphenol compounds (pyrocatechin?) seems to exceed the destruction of
In all of the molasses, excepting that of run 1. the
others.
polyphenol content is higher than in the syrup, owing evidently
to the formation of new ones.
In the syrup of run 6. the carbon caused a very large reduction in the polyphenols, showing again the efficiency of the carbon
so that the effect

vented.

But

this

in this respect.

The diagrams clearly demonstrate that the color does not
change parallel with the polyphenols themselves, while there was
indeed found a certain parallelism between the color and the

and total iron. The significance of this will at once become
apparent in the following discussion.
Ferric polyphenol compounds. Although the clarified juice
in run 1 has less polyphenols than the raw juice, the iron is so

ferric

much

compounds, and
The same is
true of runs 3, 4, and 6, all of which were without carbon.
But
in runs 2 and 5. where carbon was used, the ferric polyphenol
compounds in the clarified juice are less than in the raw juice,
as are also the polyphenols, ferric and total iron, and total color.
The importance of the combined effect of iron and polyphenols is strikingly shown by the curves in Fig. 2, where the
relative changes in the total color are given side by side with the
changes in the ferric polyphenol compounds. It is seen, in the
first place, that the two curves in each case where the final acidities were high Trims 1 to 5) are quite close together, or in other
words that the color caused by the ferric polyphenol compounds
higher that

it

also the total color,

is

raises the ferric polyphenol

above those of the raw juice.

in a nearly constant proportion to the total color, excepting in

where the low acidity explains the discrepancy. Moreis seen a remarkable constancy in the direction of the
changes of ferric polyphenol compounds and of total color. In

run

6,

over, there

17

cases

out

of

a

total

of

18

changes,

a

decrease

in

one

means a decrease in the other, and an increase in one is accompanied by an increase in the other. So far we have not been

Quantities

Of
Varipu.?

26

Constituent^

27

what percentage of the total color is dne to
compounds, but expect to solve this quespolyphenol
the ferric
tion also as soon as we have a sufficient quantity of cane polyable to determine

For the present we must content ourselves
with knowing that the total color generally increases and dephenol on hand.

creases with the ferric polyphenol

compounds.

The diagrams in Fig. 2 again show forcibly the effect of the
carbon, inasmuch as there is not only a reduction in total color
and in ferric polyphenol compounds where it was used, and an
increase where it was not, but the total range of change in all
the products is within much smaller limits, and of smaller magnitude throughout in runs 2 and 5 than in the corresponding
ones 3 and 4.
Sugars. The figures for the sugars, shown in Table 1, generally lie between those for the clarified juice and those for the
syrup of the same run. The total color, and, as was to be expected, also the ferric polyphenol compounds, are higher in the
sugars from runs 1 and 3 (no carbon) than in run 2 (carbon),
and higher in run 4 (no carbon) than in run 5 (carbon), although the proportions of ferric and total iron may not go parThey happen to be in the same direction
allel at all with them.
,

as the polyphenols themselves, because in the sugars, like in the

molasses and some of the syrups, the ferric iron
polyphenols with which it can combine.

is

in excess of the

All these relations are shown even better in Fig. 3 than in
Table 1. The five curves in the diagram give the relative quantities of total color, ferric iron, total iron,

polyphenol compounds for
quantities of each

found

all

polyphenols, and ferric

the five sugars made, based on the

in sugar

from run

1 (100%).
than in 1 and

It is

due
than in number 3, owing
to the better effect of clarification with the use of phosphoric
acid in number 5 it is still lower than in 4 owing to the effect
of the carbon in addition to the reagents used in run 4.
With both the ferric and the total iron the curves have an enseen that the total color

to the carbon.

is less

In number 4

in sugar 2

it is less

;

tirely different

3,

;

shape than the color curve, both ingredients de-

creasing steadily from one sugar to the next.

The polyphenols, however, change qualitatively in the same
way as the total color, but from a quantitative standpoint there is
but slight parallelism.
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The

compounds also change qualitatively
and the polyphenols, and from a quantitative
standpoint the ferric polyphenol compound curve agrees most
ferric polyphenol

like the total color

closely of all with the total color curve.

large part played

by these compounds

This proves again the

in the total color of the

products, and confirms our observation with the other products.

The

on the sugars, as shown in Table 1, also
made by Prinsen Geerligs 24 who
found that the color of the sugars is darker than it should be, if
it were all contained in the surrounding molasses film.
This
holds true for our sugars also, but to a smaller extent.
results obtained

corroborate an observation

,

EFFECT OF DIFFERENT METHODS OF CLARIFICATION, AND OF DECOLORIZING CARBON IN ADDITION, ON THE YIELD OF FIRST SUGAR.
So far we have dealt only with the color of the products,

and certain constituents of it. These have proven the efficiency
of decolorizing carbons from this point of view but we are nat;

urally just as interested in the yield of the sugars obtained by
the use of carbon, as compared to that made without its use.

may be decided from the results given in Table
on page 14.
In comparing runs 2 (with carbon) and 3 (without carbon)
we notice first that the purity of the raw juice in run 2 was 3.6
points lower than that of the raw juice in the run to be compared with it. But in the clarified juice this difference has narThis question

1

rowed down

on account of the fact that the clarifigave an increase in purity of 1.0,
while clarification without carbon gave one of only 0.2'. In the
syrups the difference in purities became still smaller, amounting
to 2.8 points,

cation, plus carbon treatment,

to only 2.3 points.

The same observations are made in comparwhich was made in the same way as run 3.
Comparing run 4 (without carbon) and run 5 (with carbon),
we again find a difference in purity of raw juice of 0.9, which
narrows down to 0.3 in the clarified juices, and to nothing in the
syrups.
The results in both sets therefore agree well with those
ing run 2 with run

1,

obtained in the 1917

tests.

The glucose ratio was not affected to any extent by the carbon
treatment, which likewise confirms previous results.
The drop in purity from syrup to first molasses was 21.8

30
2, 20.5 points in run 3, and 17.3 in run 1, a difference of 1.3 and 4.5 points in favor of the carbon run. In runs 4
and 5 the differences were smaller, only 0.2 points in favor of

points in run

the carbon run, undoubtedly because the purity of the two syrups
was the same. Mr. Taggart noticed again, as he had in 1917,
that the carbon treated products boiled more freely than those
not so treated. This is also in line with the observations of Peck

and Adams, already mentioned. The yield of sucrose in the
form of first sugar, calculated on 100 parts sucrose in the syrup,
was 57.3 in run 1, 62.6 in run 2, 62.1 in run 3, 58.6 in run 4, and
Slightly better yields were therefore obtained
59.0 in run 5.
from each of the carbon treated products than from the untreated, in spite of the fact that the raw juices were poorer in
each case. The glucose ratio also rose less, from syrup to molasses, in

run 2 than in run

3,

and

less in 5

than in

4.

This fact

shows again the better quality of the carbon treated products.
The quality of the raw sugar, made in each case without the
use of wash water in the centrifugal, was better in run 5 than in
the former having 95.1% sucrose, and the latter only 93.7.
In runs 2 and 3 the result was different, owing no doubt to the
fact that the purity of the syrup in run 2 was still considerably

run

4,

and also that the massecuite in run 2 was
this reason the massecuite of run 2 did
For
boiled
Sugar No. 2 has 90.7%
of run 3.
that
as
well
as
not purge
certain that under more
It
is
93.7%.
No.
sugar
3,
sucrose, and
have been at least as
would
2
run
of
sugar
the
equal conditions
3.
run
of
high in sucrose as that
lower than in run

much

3,

stiffer.

CONCLUSIONS.
The

results obtained in our experiments

show that the com-

bination of ferric iron and polyphenols indeed plays a very important part in the color of our sugar house products. If it is
desired to make a light colored sugar, it is necessary to keep both

The former condition can
as
best be accomplished- in actual practice by working as rapidly
with
contact
in
possible, and by not leaving any of the products
iron surfaces any longer than is absolutely necessary. As
Schneller has pointed out before, iron machinery might to adiron

and polyphenols

at a

minimum.

vantage be largely replaced by copper, especially in those counaround. In
tries where the sugar factory is in use all the year
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certain cases

it

might pay

to

make raw sugar during the camby the use of declorizing carbon

paign, and afterwards refine this
in connection with a

copper pan.

It

would

also be advisable to

iron machinery wherever possible with iron-free paint
which should be quite resistant to the effect of acids, alkalis and

paint

all

TThen boiling out with caustic soda, a solution of the deprepared so that the iron or painted
surfaces do not come in direct contact with solid caustic or strong
heat.

sired strength should first be

Iron in the products

lye.

may

also be largely

reduced by the

use of decolorizing carbon.

The polyphenols are removed only to a slight extent by the
ordinary methods of clarification used in white sugar manufacture in Louisiana.
Decolorizing carbons are. however, very
effective in taking out polyphenols, and also other compounds
which in the course of manufacture give rise to new polyphenol
compounds. If a sufficient quantity of an active carbon be used,
the polyphenols, the iron combined with them, and also the
mother substances of polyphenols may be removed practically

The question

completely.

as to

how

ally in this respect, will of necessity

far one

have

may

to be

go economic-

determined by

actual factory tests on a normal scale.

Our

have further demonstrated that the yield of sucrose
is not smaller, but even slightly better
where carbon is used than where it is not. But of even oTe ater
importance is the fact that the use of carbon produces a first
in the

tests

form

of first sugar

much lighter color. The significance of this has been
pointed out by Harloff and Schmidt 7
It would naturally be expected that a molasses of light color will give a light colored

molasses of

.

well, and that therefore a larger quantity of high grade
sugar could be made by boiling back such a light colored molasses.
Experiments on this particular point are contemplated

sugar as

for the

coming grinding season

at our sugar house.
evident that the results obtained at this station warrant
tests on a larger scale on the part of our sugar planters, and the
hope is again expressed that at least some of them will be suffiIt is

work at the earliest possible
fact that the assistant director of this station has

ciently interested to undertake this

moment.

The

finally succeeded in securing the free use of decolorizing carbon

from

rice hulls for the public, should be a further incentive in

this direction.
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